Background: Chitosan (CS) is a natural environmentally friendly polymer. It is a linear polysaccharide of random distribution. The aim of current study was to study the effect of weight ratioon structural properties of the chitosan/PEO polymer, using XRD and FTIR measurements,and to find the optimum ratio with the highest mechanical and antibacterial properties of chitosan:PEO blend, which was prepared by casting method. Methods: In this work, chitosan and chitosan/PEO blend with different PEO ratios (5, 10, 15, 20 and 25wt%) were prepared by solution casting method. The prepared samples were examined by x-ray diffraction (XRD), Fourier-transformed Infra-red spectrometer (FTIR) and tensile tester. Also,the antibacterial activitiesof prepared blends at different ratios were evaluated using half maximal inhibitory concentration technique against Escherichia coli and Staphylococcusaureus microorganisms.
Introduction
Chitosan (CS) is a natural environmentally friendly polymer [1] . It is a linear polysaccharide of random distribution. The structure is related to cellulose with hydroxyl at position C-2 is replaced by an acetamido group (which has the formula C 2 H 4 NO) [2] . Chitosan is a deacetylated product of alkaline N deacetylation of chitin is a poly-amino-saccharide and one of the cationic natural functional biopolymers with a repeating structural unit [β-(1-4)-2-acetamido-2-deoxy-Dglucopyranose] [3] . Chitosan is structurally similar to cellulose, which is composed of only one monomer of glucose [4] . Chitosan is soluble in acidic solution due to its -NH 2 group. In addition, H-bond act as stabilizer for its network in solid phase and enhanced its mechanical properties [5] . Chitosan is arranged as parallel chains along the b-direction of orthorhombic structure. These chains are interconnected by two hydrogen bonds formingthe plane structures parallel to bc-plane and piled along the a-direction ( Figure 1 )(created by diamond software according to data of fractional atomic coordinates withorthorhombic unitcell structure by [6] .
Figure (1): Packing structure of hydrated chitosan created by diamond softwareprojected along the a-axis (a) and along the c-axis (b).
Chitosan is used in a wide variety of applications such as fine filtration and wastewater treatment, where chitosan is an excellent adsorbent for microbial population and metal removal in near-neutral solutions [7] . In addition, Chitosan is used in different biomedical applications due to its natural origin, biodegradability, biocompatibility, nontoxicity and antimicrobial activity. It is used in preventing wound infections, drug delivery, drug encapsulation, wound dressing and scaffolds for bone and nerve regeneration [8] . Also, blends-based chitosan are used as antimicrobial substance in food packaging [9] . Chitosan has many reactive amino side groups, which offer possibilities of chemical modifications, formation of a large variety of useful derivatives or can offer new blend by ionic interactions [10] .
The aim of current study was to study the effect of weight ratioon structural properties of the chitosan:PEO polymer, using XRD and FTIR measurements,and to find the optimum ratio with the highest mechanical and antibacterial properties of chitosan:PEO blend, which was prepared by casting method. Finally, the optimal ratio of chitosan:PEO blend is enhanced by different ratio of silver nanoparticles (AgNPs), to find the effect of this ratio on the structural and antibacterial properties.
Materials and Methods
Chitosan has a medium molecular weight and Polyethylene Oxide (PEO) average molecular weight of 100kDa. They were purchased from Sigma-AldrichCompany. Chitosanandchitosan: PEO blend with different PEO weight ratios (5, 10, 15, 20 and 25 wt%) were prepared by solution casting method. The required weight of the chitosan was dissolved in 50ml of diluted acetic acid (1%) for the six samples separately in a glass flask using a magnetic stirrer at room temperature by slowly adding the substance until completely dissolved. The additive PEO polymers were dissolved by the specified weight in 2ml of distilled water in a small glass container using the magnetic stirrer gradually at room temperature, then the prepared polymers were added drop by drop to the prepared chitosan with mixing until the sample material is fully mixed. The best percentages of co-polymer were selected in terms of mechanical properties, which were 85wt% chitosan with 15wt% polyethylene oxide and reinforced with different silver nanoparticles (AgNPs)(1, 2, 3, 4 and 5wt%) after removing the reinforcing ratio from the selected matrix, for each sample separately. The addition is done gradually with continuous stirring by the magnetic stirrer for thirty minutes after addition. Teflon molds were used in different shapes, according to the use of various tests.
The structural properties for Chitosan, PEO and Chitosan:PEO blends samples hadbeen examined by XRD system Shimadzu XRD 6000, with Cu (Kα) x-ray radiation source. Fourier-transformed Infra-red spectrum (FTIR) for chitosan and blend samples were measured by (Thermo Scientific Nicolet iN10 FTIR Spectrometer) over the range of 400-4000cm -1 . Stress-strain tester (model H10KT) was used to examine the prepared samples. The antimicrobial activity of the prepared blend samples against Escherichia coli and Staphylococcus aureus microorganisms was evaluated using well diffusion method and inhibition concentration method on Mueller-Hinton agar.
Results and Discussions
The XRD pattern of the chitosan samples wasshown in the first pattern in Figure ( 3). The characteristic peaks of chitosan were centered at 10.4 and 20.1 degrees in 2θ corresponding to diffraction from (002) and (101) planes, respectively,that confirmedthe semi-crystalline structure of the polymer [11] for Orthorhombic structure as illustrated by [6] . The appearance of the broad peak at 20.1 was interpreted by previous researchers as a result of the arrangement of the chitosan chains in the form of parallel planes interpreted as a polymorphic form [12, 13] .
The XRD for Chitosan/PEO blend at different ratios appeared with broad peaks at 2θ = 8.5° and 11.5°, which can be assumed for (011) and (110) direction according to structure factor calculated by diamond software. The appearance of these two peaks indicated a blend formation [14] . On the othr hand, two peaks located at2θ= 18.5° and 22.5° demonstrated the existence of PEO crystals within the sample [15, 16] . The PEO peaks in blend samples appeared with more broadening, less intensity andexperience small shift towards lower angle than pure PEO sample. These results indicating the formation of chitosan/PEO blend by hydrogen bonding [17] . Table ( 1) showed the peak parameters for the (111) preferred orientation peak for Chitosan/PEO blend at 85:15 ratios reinforced with AgNPs at different ratios. The crystalline size for AgNPs increased, due to the increasing aggregation between particles, causeda reduction inthe strain in lattice with increasing its ratio from 0 to 5%. (4) displayedthe FTIR for Chitosan/PEO blend at different ratios compared with FTIR spectra for chitosan. The FTIR pattern for chitosan illustrated stretching vibrations of -OH bond at 3429.20cm -1 . The absorption bands at 2914.24 and 2879.52cm −1 belong to CH2 stretching vibration. The presence of a peak at 1647.1cm −1 corresponding to C=O stretching of amide I and the band at 1598.88cm -1 for bending energy band in N-H bond of the amine group [18] . The deformations band for CH 3 appeared at 1371.15cm −1 and the small peck at 1321.15cm −1 assigned to C-N stretching of (amide III) [19] . Small peak observed at 1261.36cm -1 for C-O vibration while the asymmetric stretching band for C-O-C bridge connect chitosan molecules and forming its series located at 1155.28cm −1 [9] . The broad peak at 1078.13cm −1 and the attached one at 1029.92cm −1 correspond to stretching vibration of C-O bond through skeletal vibration [20] . The peck at 896.84cm −1 was for C-H vibration. The observation of the peaks (2914.24, 2879.52, 1155.28 and 896.84cm -1 ) indicated on a polysaccharide (which is the basic of chitosan molecular structure with general formula of (CH 2 O) n ) [21] . Structure of chitosan that contained many molecules, like carbohydrates, was shared with the same bands. All bands appeared in the spectra of chitosan samples were reported by other researches [22] .
For copolymer samples, the CH2 stretching bond at 2879.52cm −1 decreased in intensity and the intensity of -NH2 stretching at around 1598.88cm -1 decreased with increasing PEO ratio, these results agreed with [16] . The broad bandcentered at about 3450cm −1 corresponding to stretching in hydroxyl group, decreased in intensity with increasing PEO ratio while the C≡N peak at 2350cm -1 increased in intensity. The characteristic peaks exposed at 1078.13cm −1 , corresponding to C-O Stretching, became sharper and distinguished from the nearby peak at 896.84cm −1 corresponding for C-H bending. Other peaks shifted by adding PEO to the chitosan. The bands at 1647.1 and 1598.88 cm −1 wereshifted to less energy at blend samples. The peak shifting and some of characteristic peaks intensity variations due to the blend formationand emergence ofhydrogen bond between PEO and chitosan molecules [17] .
Figure (4): FTIR spectra for Chitosan/PEO blend at different ratios.
The comparison between the FTIR spectra of controlled Chitosan/PEO at 85:15 blend ratio and the same blend samples reinforced with different ratios of silver nanoparticles were shown in Figure (5) . It should be noted that the N-H vibrational bond appeared at 3849.8cm -1 and 3739.5cm -1 and N-H bending bond, at 1547.59cm -1 , was enhanced in intensity due to conjugation with metal nanoparticle, whereas other peaks intensity remained with nearly same intensity, indicating the Dipole-Quadrupole effect due to surface-enhanced infrared absorption phenomena (SEIRA) which causes selective enhancement of certain functional groups according to surface selection rules [23] .
According to the SEIRA theory, only those molecular vibrations which appear perpendicular to the metal surface are enhanced [24] . This effect corresponds largely to the electrostatic nature of the silver nanoparticle surface conjugated with organic materials due to the net effect of non-covalent interactions. These enhancements of N-H braches were due to interaction with the metal surface.
The stress-strain curves divided into two regions start with the elastic region which is nearly linearly dependent, end at the elastic limit, varies from sample to other. At this region, the sample returns to its initial shape after removing the applied stress. The second region is with non-linear dependent end at the fraction point. Young's Modulus was calculated from the slope of the curves for each sample at the elastic region. Figure (6) showedthat the maximum tensile strength increased with increasing PEO ratio in Chitosan:PEO blend to 15% and decreased with more ratio. The 15% ratio also had the highest elongation before fraction is designatedto its highest flexibility. The film with high PEO/chitosan ratio exhibited a reduction of its maximum elongation (from5.5% for 15% PEO films to 3.4% for 25% films). The crystallinity enhancement in the films may be the main reason for reduced maximum elongation, or due to the less molecular weight of PEO than chitosan. 
Figure (6): Stress-strain curve for Chitosan/PEO blend at different PEO ratios.
The variation of Young Modulus and maximum elongation before fracture for Chitosan/PEO blend with PEO ratio were shown in Figure (7) . The maximum values for Young Modulus and maximum elongation appeared at 15% PEO ratio were970 MPaand 0.98cm, respectively. The mechanical properties at this blend ratio wereenhanced because of interaction between proton donor and proton acceptor groups (amino groups of chitosan with ether groups of PEO) that give a homogeneous blend [25] .
Figure (7): Young Modulus for Chitosan/PEO blend with PEO ratio.
The minimum inhibitory concentration (MIC) on Mueller-Hinton agar, forChitosan and chitosan/PEO blend was prepared at different weight ratios, against bacterial strains (Escherichia coliand Staphylococcus aureus). The specific antibacterial activitywas measured using half maximal inhibitory concentration technique starting from the usedconcentration to prepare the blends (4 mg/ml). Figure (8) showed that the inhibition halo around small drop of used solution on the surface of agar after spread of Escherichia coliand incubated at 37°C for 24 hours. The highest inhibition of the bacteria was for Chitosan/PEOblend prepared at90:10 ratios withinhibition halo of 13mm at 40mg/ml concentration and still effective to 1/32 of the initial concentration (1.25mg/ml) but with less efficiency of halo diameter of 6mm ( Table 2 ). The test also showed that samples of high percentage of PEO were ineffective against E.
coli bacteria, where no bacterial inhibition was shown even in high concentrations.
Figure (9) showed that the inhibition ofGram-positive bacteriaStaphylococcus aureusby chitosan/PEO at different blend ratio, at different dilutions started from 40mg/ml to 1/64 of the initial concentration, and incubated at 37°C for 24 hours. It wasshown that the effectiveness of the blend towards this type of bacteria wasless than its effectiveness against Escherichia colibecause of the difference in cell wall of Gram-negative and Gram-positive, where the minimum inhibitory concentration was20mg/ml for 5% PEO ratio and 10mg/ml for other ratios ( Table 2 ).
The main cause for the antibacterial behavior of chitosan/PEO blend came from its positively-charged amino group, which interacts with negatively-charged bacterial cell membranes that cause the destabilization of the outer membrane [26] and withdrawal of bacterial cell fluids which eventually leads to their death [27] - 40  13  12  14  10  10  -20  13  10  12  10  10  -10  12  8  12  4  5  -5 12 (1) showed that the inhibition halo around Chitosan/PEO at 85:15 blend ratio was reinforced with different AgNPs ratios against Escherichia coli bacteria. The highest antibacterial activity appeared at 1% AgNPs ratio with inhibition halo of 11mm at 40mg/ml concentration and still effective to 1/32 of initial concentration but with less efficiency ( Table 3 ). The test also showed that samples of high AgNPs concentration hadlow effectiveness against Escherichia coli bacteriawhich may be due to aggregations of AgNPs and increased their size as shown by XRD measurements. On the other hand, (Figure 11 ) showed the inhibition halo for Chitosan/PEO blend was reinforced with different AgNPs ratios against Staphylococcus aureus. The antibacterial activity against theseGram-positive bacteria increased with increasing the AgNPs ratio to 5% which was still effective to 1/64 as shown in (Table 3 ). The samples appeared highlyeffective against Gram-positive than Gram-negative bacteria. Many studiedsuggestedthat the AgNPs antibacterial mechanismis similar to silver ions, due to the their transformation to silver ions [28] .The accumulation of silver ions in the bacterial cell membrane causes damage in the inner membrane [29] . The membrane damage is thesignificant mechanism in Staphylococcus aureus where silver ions enter bacterial cells and bind to cytoplasm components, proteins and nucleic acids. In the consequence, DNA condenses and replication is inhibited [30] .
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Figure (10): Half maximal inhibitory concentration test for Chitosan/PEO at 15% blendreinforced with different
AgNPs ratios against Escherichia coli bacteria.
Figure (11): Half maximal inhibitory concentration test for Chitosan/PEO at 85/15blend ratio with different
AgNPs ratios against Staphylococcus aureus. 
Conclusions
Chitosan/PEO blend at different ratios was prepared by simple casting method. XRD and FTIR measurements indicated the blend formation. The highest Young's Modulus and flexibility appeared at 85:15 chitosan/PEO weight ratios. The blend samples have antibacterial activity against Gram-positive and Gram-negative bacteria, that make them useful for use in medical applications (such as in dressing of large open cuts in movingorgans) and in food packing. The
